Introduction
Cardiovascular disease (CVD) is the major cause of morbidity and mortality in patients with chronic kidney disease (CKD), particularly in hemodialysis (HD) patients. The mortality due to CVD in patients with endstage renal disease is 10-to 40-fold higher than that in the general population [1, 2] . Vascular calcification is common and contributes to increased cardiovascular mortality in HD patients [3] . Therefore, the risk assessment for the presence and progression of vascular calcification could be of major clinical importance. S100A12, also known as an extracellular newly identified receptor for advanced glycation end product binding protein (EN-RAGE), is a member of the S100 family of calcium-binding proteins that is predominantly expressed and secreted by granulocytes [4] [5] [6] . The binding of S100A12 to the receptor for advanced glycation end product (RAGE) activates intracellular signaling cascades that lead to proinflammatory responses in target cells including the upregulation of adhesion molecules on the endothelium [4] [5] [6] . High concentrations of S100A12 are found in various inflammatory compartments, and serum S100A12 concentrations are increased in inflammatory diseases and correlated with the disease activity [7, 8] .
S100A12 has also been found to be positively correlated with the carotid intima-media thickness of patients on HD and peritoneal dialysis [6, 9] . Additionally, S100A12 has been identified as an independent predictor of the prevalence of CVD and cardiovascular-related mortality in HD patients [10, 11] . However, information regarding the relationships of S100A12 with vascular calcification and the progression of vascular calcification in HD patients remains scarce and uncertain. Therefore, the present prospective study aimed to investigate the correlations of serum S100A12 levels with the presence and progression of vascular calcification by assessing the trends and dynamics of the changes in coronary artery calcification (CAC) scores (CACs) using multislice spiral CT (MSCT) in patients on maintained HD.
Materials and Methods
This study was approved by the Ethics Committees on Human Research of our hospital, and all subjects provided informed consent.
Study Population
Of the 128 patients undergoing maintenance HD in the Fu Xing Hospital, Capital Medical University (Beijing, China), 60 patients who had been treated for at least 6 months gave their written informed consent to enroll in this study. The underlying renal disorders were diabetic nephropathy (26.7%) and non-diabetic nephropathy diseases that included chronic glomerulonephritis (38.3%), hypertensive nephrosclerosis (21.7%), chronic interstitial nephritis (8.3%), polycystic kidney disease (3.3%) and unknown etiologies (1.7%). Histories of CVD were noted in 23 patients (38.3%). All patients were receiving conventional 4-to 5-hour dialysis treatments 3 times per week and were clinically stable for at least 1 month prior to the baseline assessment (i.e. they exhibited no symptoms of acute coronary events, neoplasms or infectious or noninfectious inflammatory disease). The average dose of dialysis (Kt/V) was 1.40 ± 0.22. Thirty healthy volunteers (16 men and 14 women, mean age 65.2 ± 7.8 years) were also enrolled as a control group. There were no differences in the age or gender distributions between the 2 groups. None of the control subjects had histories of hypertension, diabetes mellitus, cardiovascular disorder, cerebrovascular disease, kidney disease, cancer or acute or chronic infection, and they were receiving no medications at the time of the study.
Clinical and Laboratory Measurements
Peripheral venous blood was obtained from all subjects in 12-hour fasting conditions. The blood samples were collected from the antecubital vein in the control subjects and from the vascular access in the HD patients on the morning of a routine dialysis day. The blood samples were immediately centrifuged within 20 min at 3,000 g for 10 min and stored at -80 ° C for subsequent assay. The serum creatinine (SCr), albumin, electrolytes, calcium, phosphate, intact parathyroid hormone (iPTH), complete blood cell counts, hemoglobin, total cholesterol (TC), triglyceride (TG), low density lipoprotein cholesterol (LDL-C), high-density lipoprotein cholesterol (HDL-C), glycated hemoglobin A1c (HbA1c), ferritin and high-sensitivity C-reactive protein (hs-CRP) levels were measured. The mean values of 3 measurements taken during the 3 months before CACs measurements were used in analyses for HD patients. Serum S100A12 levels were determined twice using a commercially available ELISA kit (CUSABIO, Wuhan, China) at a 4-year interval. The intra-assay and inter-assay coefficients of variation were 8 and 10%, respectively. Blood pressure was recorded 3 times after patients had rested for at least 10 min before dialysis sessions, and the average value of the 3 measurements was adopted. Moreover, medical records were carefully checked for prescriptions of vitamin D and phosphorus binders.
CACs
The CACs were measured twice at a 4-year interval using 64-slice CT (LightSpeed VCT XT; GE Healthcare, Waukesha, Wis., USA) for the HD patients and measured only once at baseline for the healthy volunteers. A dose of 12.5-25 mg of the β adrenergic blocking agent metoprolol was administered orally before MSCT if the patient's heart rate was more than 70 beats/min. Electrocardiogram-gated MSCT scan runs, consisting of the acquisition of 40 contiguous transverse 2-dimensional images of 3-mmthick sections at the level above the coronary artery origin to the cardiac apex, were performed. The exposure duration was 0.1 s per tomographic level, and the other parameters were 130 kVp and 630 mA. The images were acquired with electrocardiogram triggering at 71% of the R-R interval during diastole and were obtained using a 26-cm 2 field of view and a 512 × 512 reconstruction matrix. Contrast agents were not used. A calcification was defined as a minimum of 2 adjacent pixels (>0.52 mm 2 ) with a density over 130 Hounsfield units [12, 13] . The peak intensities (in Hounsfield units) and areas (in square millimeters) of the individual calcifications were calculated. The total CACs calculations were based on formulas that incorporated the measurements of the total volume and area of the calcified lesions and their mean and maximum densities as described in the work of Agatston et al. [13] . The CACs of the HD patients were assessed at baseline and 4 years after the start of the study under the same standardized conditions by a single radiologist. The radiologist was blinded to the clinical and laboratory results of the patients. For each patient, the absolute change across these 2 measurements (ΔCACs) was calculated.
Statistical Analyses
The statistical analyses were performed with SPSS 19.0. Data normality was analyzed using the Kolmogorov-Smirnov test. Normally distributed, continuous variables are presented as the means ± SDs, and those with non-normal distributions are presented as the median and interquartile range. 6 performed with the chi-square test for categorical variables, the t test or analysis of variance for normally distributed, continuous variables and the Mann-Whitney U test for non-normally distributed continuous variables. To examine the correlations between variables, the Pearson's tests were used for normally distributed data, and the Spearman's tests were used for non-normally distributed data. The variables for which values of p were <0.1 in the univariate comparisons were included in a multivariate logistic regression analysis to predict CACs progression that utilized a significance level of 0.05 (entry/stay). All tests of significance were 2-sided, and p value <0.05 was considered statistically significant.
Results

Background Characteristics
The baseline characteristics, clinical and laboratory features of the patients and the controls are summarized in table 1 . There were no statistically significant differences between the 2 groups with respect to age, sex or body mass index (BMI). In addition to renal function, the CACs, serum S100A12 level, systolic blood pressure (SBP), hs-CRP, phosphorus and HbA1c level were significantly higher in the HD patients than in controls. In contrast, the hemoglobin, serum albumin, TC, TG and LDL-C levels were significantly lower in the HD patients than in the controls. At 4 years, 42 of 60 patients remained to be studied, and 18 patients were excluded for the following reasons: 14 patients due to death, 2 patients for refusal of follow-up MSCT, 1 patient moved to another dialysis unit and 1 patient due to incomplete blood sampling. The all-cause mortality in patients with baseline S100A12 levels above the median value (n = 23) or below the median value (n = 37) were 39.1 and 13.5%, respectively, with p value of 0.023. Moreover, the incidence of CVD during the 4 years was higher in patients with baseline S100A12 levels above the median value than in those with baseline S100A12 levels below the median value (34.8 vs. 8.1%, p = 0.024). Patients Grouped According to Baseline CACs and Δ CACs As described by the work of Rumberger et al. [14] , patients were divided into 3 groups based on baseline CACs: CACs ≤ 10 (no or minimal CAC, n = 10), CACs >10 (mild or moderate CAC, n = 29) and CACs >400 (severe CAC, n = 21). The demographic characteristics and baseline laboratory results of the 3 groups are presented in table 2 .
Follow-up CT scans were obtained after 4 years. The CACs progressed from 259 (48-1,350) to 545 (110-1,761) overall. Because 80 was the median ΔCACs value in our sample population, this value was chosen to divide the patients into rapid progressors with ΔCACs ≥ 80 and slow progressors with ΔCACs <80. According to these criteria, 42.9% patients (n = 18) were placed in the rapid progressor group. The incidences of rapid progression of CAC in the patients with baseline CACs ≤ 10, CACs >10 and CACs >400 were 12.5, 40.0 and 64.3%, respectively ( fig. 1 ) .
The comparisons of the rapid progressor and the slow progressor groups in terms of baseline characteristics and clinical and laboratory features are given in table 3 . The rapid progressors were significantly older and had higher serum hs-CRP and lower serum albumin levels than the slow progressors. Both the baseline and 4-year serum S100A12 levels and CACs were significantly higher in the rapid progressors compared with those in the slow progressors ( table 3 ). Furthermore, the absolute change and percentage change in S100A12 levels (ΔS100A12) were also greater in the rapid progressors than in the slow progressors ( fig. 2 ) .
Univariate Correlations between Baseline CACs, ΔCACs and Serum S100A12 Levels with Other Variables
Both the baseline CACs and ΔCACs were positively correlated with age (r = 0.268 and r = 0.251, p = 0.01 and p = 0.02, respectively), time on HD (r = 0.248 and r = 0.209, p = 0.02 and p = 0.03, respectively), baseline S100A12 level (r = 0.466 and r = 0.392, respectively, p < 0.001), 4-year S100A12 (r = 0.306 and r = 0.338, p = 0.001 and p < 0.001, respectively), ΔS100A12 (r = 0.411 and r = 0.396, respectively, p < 0.001) and 4-year CACs (r = 0.391 and r = 0.374, respectively, p < 0.001). The baseline CACs was also positively associated with ΔCACs (r = 0.439, p < 0.001) and inversely correlated with serum albumin (r = -0.281, p = 0.01) in the univariate analyses. However, no significant relationships were found between the CACs or ΔCACs and the serum calcium, phosphorus, Ca × P product, iPTH, serum hs-CRP, ferritin or the other variables ( table 4 ) .
The serum S100A12 levels were positively correlated with age (r = 0.259, p = 0.01), time on dialysis (r = 0.218, 10 p = 0.02), 4-year S100A12 (r = 0.315, p < 0.001), ΔS100A12 (r = 0.480, p < 0.001) and serum hs-CRP (r = 0.308, p = 0.001) and were negatively correlated with serum albumin levels (r = -0.311, p < 0.001). In addition to the baseline CACs, the serum S100A12 levels were also significantly correlated with the 4-year CACs (r = 0.440, p < 0.001; table 4 ).
Logistic Regression Analysis of the Independent Variables Related to the Rapid Progression of CAC and the Presence of Severe CAC
To identify the variables that were independently related to the rapid progression of CAC, we performed a logistic regression analysis that included the model parameters that were previously identified in the univariate analyses (i.e. age, time on dialysis, serum hs-CRP, baseline CACs, baseline S100A12, ΔS100A12 and serum albumin) as independent variables and rapid progressor versus slow progressor as the dependent variable. The results revealed that only ΔS100A12 (β coefficient = 0.361, p < 0.001) and baseline CACs (β coefficient = 0.439, p < 0.001) were significantly independent determinants of the rapid progression of CAC. Baseline S100A12 was also an independent predictor when ΔS100A12 was not included in the logistic regression analysis (β coefficient = 0.287, p = 0.002). Additionally, we performed a similar logistic regression analysis that included baseline CACs greater than or less than 400 as a dependent variable; the result revealed that age (β coefficient = 0.298, p = 0.02), time on dialysis (β coefficient = 0.392, p < 0.001) and baseline S100A12 level (β coefficient = 0.467, p < 0.001) were independent predictors of the presence of severe CAC.
Discussion
The main findings of this prospective study were as follows: (1) the serum S100A12 levels of HD patients were high; (2) among the HD patients, the serum S100A12 levels of the patients who exhibited rapid progression of CAC were significantly higher than those who exhibited slow progression of CAC; (3) the serum S100A12 level was identified as an independent determinant of the presence of severe CAC and (4) the increment in the serum S100A12 level was identified as a significant independent factor associated with the progression of CAC. Therefore, we suggest that increased S100A12 levels and increments in S100A12 might contribute to the presence of severe CAC and the progression of CAC in HD patients.
Vascular calcification is common in chronic HD patients and is associated with increased cardiovascular mortality [3] . S100A12, as a member of the S100 Ca 2+ -binding protein family, is associated with acute/chronic inflammatory disorders. Evidence has shown that serum S100A12 levels are elevated in patients with several inflammatory diseases, including rheumatoid arthritis, Kawasaki disease and chronic inflammatory bowel diseases [15] [16] [17] . Recently, epidemiological studies of HD patients have identified serum S100A12 level as a significant independent determinant of carotid intimal-media thickness [6, 9] and as an independent predictor of the prevalence of CVD and cardiovascular-related mortality [10, 11] . In a study of 5 CKD patients, plasma S100A12 was associated with inflammation and the presence of CVD and diabetes mellitus, and a 1-SD increase in the level of S100A12 was found to be associated with a 32% higher risk of all-cause mortality [18] . Our finding was similar to the above results. Furthermore, our study revealed elevated baseline serum S100A12 levels in patients with rapid progression of CAC. To some extent, the results of our study elucidate the higher prevalence of CVD and mortality among patients with higher serum S100A12 levels.
The mechanism by which HD patients with rapidly progressing of CAC possess elevated serum S100A12 levels remains unknown. Chronic inflammation is a common feature of uremic states and HD and might activate leukocytes or increase the synthesis and/or release of S100A12 via the modification of cytokines and/or other molecules [6] . This notion is supported by the recent finding of the strong correlation between S100A12 mRNA in leucocytes and serum S100A12 concentrations in uremic CKD patients, particularly in those affected with CVD [19] . As systemic and local inflammation has been extensively implicated in the progression of calcific aortic valve disease [20] , the elevated serum levels of S100A12 in HD patients with rapidly progressing CAC compared with those with slowly progressing CAC might be attributable to positive feedback or increased synthesis by much more activated leukocytes or cytokines.
Several studies have provided evidence suggesting that vascular calcification is mediated by S100A12. In a study by Hofmann Bowman et al. [21] , vascular calcification and the expressions of bone morphogenetic protein-2 and other osteoblastic genes were found to be increased in the aortas of ApoE-null mice with the S100A12 transgene and in cultured vascular smooth muscle cells expressing S100A12. Additionally, these authors suggested that accelerated vascular calcification induced by S100A12 is also mediated by oxidative stress because the inhibition of NADPH oxidase attenuates S100A12-mediated osteogenesis. In another study by Gawdzik et al. [22] , increased vascular calcification in S100A12 transgenic mice subjected to CKD was observed compared to WT-CKD mice, while minimal vascular calcification was observed in S100A12 transgenic-sham mice. Moreover, this study suggested that the augmentation of vascular calcification by S100A12 depends on enhanced oxidative stress and RAGE-and NADPH-dependent increases in the expressions of osteoblastic genes, such as Runt-related transcription factor 2, bone morphogenetic protein-2 and bone Gla protein (also known as osteocalcin), in vascular smooth muscle cells. Very recently, a reduction in osteopontin mRNA was unexpectedly found in cardiac fibroblasts in response to recombinant S100A12 protein in a study by Yan et al. [23] . Because cytokines, inflammation and oxidative stress have been shown to increase osteopontin expression in vascular cells, the authors of this study speculated that the known proinflammatory signaling of S100A12 in combination with a reduction in the level of osteopontin (which is an important inhibitor of vascular mineralization) might lead to important insights about the mechanisms of S100A12-mediated calcification of vascular and valvular cells.
Some reports about the relationships between S100A12 and vascular calcification have recently been published. In a study by Kim et al. [24] , plain X-ray images of the lateral lumbar spines of HD patients were studied to calculate semiquantitative vascular calcification scores. Serum S100A12 exhibited a trend toward a positive association with vascular calcification, but it was not found to be an independent predictor of vascular calcification in a multiple stepwise regression analysis. Additionally, another study by Kim et al. [9] revealed that plasma 100A12 is positively correlated with vascular calcification (r = 0.315, p = 0.015) in peritoneal dialysis patients. Moreover, using multiple stepwise regression analysis, these authors found that the plasma 100A12 exhibits a trend toward a positive correlation with vascular calcification, although this association did not reach significance. In our study, the serum S100A12 level was identified as an independent determinant of severe CAC. The inconsistent results between our study and those of Kim et al. [9, 24] might be attributable, at least in part, to statistical reason. On one hand, the definitions of the dependent variables in the regression analyses were different. Kim et al. [9, 24] included CACs as a dependent variable in the regression analysis, while in our study, severe CAC was used as dependent variable. On the other hand, previous studies have suggested that the circulating soluble RAGE (sRAGE) might be inversely associated with S100A12 protein [25, 26] . Elevations in sRAGE might exert vasculoprotective effects by decreasing inflammatory cytokines and matrix metalloproteinases, while higher plasma S100A12 levels might be associated with amplified inflammatory responses and extensive vascular damage. For this reason, in the works by Kim et al. [9, 24] , the effects of S100A12 on CAC might have been masked by the inclusion of sRAGE and S100A12 together in a single multiple stepwise regression analysis.
Previous studies have confirmed that CACs progression is associated with higher rates of cardiac event in non-uremic and CKD patients [27] [28] [29] . In a work based on CKD patients, every 10 units of CACs progression were found to be associated with a 3% increase in mortality per year [29] . Therefore, it is important to identify the factors that predict the progression of CAC. Our prospective study examined serum S100A12 and CACs measurements twice at a 4-year interval and found that increment in serum S100A12 levels was significantly correlated with the progression of CAC and might be an important predictor of CAC progression. To our knowledge, this is the first prospective and longitudinal study to investigate the effects of S100A12 on the progression of CAC.
It has been confirmed that the baseline level of vascular calcification is a strong determinant of the progression of vascular calcification. Block et al. [30] found that patients new to HD, with evidence of at least mild CAC at baseline, exhibited significant increases in CACs within 6 months of starting dialysis despite controlling for laboratory parameters of mineral metabolism. In another study by Sigrist et al. [29] , progressive calcification was found to be significantly correlated with baseline CACs over 24 months (r = 0.648, p < 0.001). Additionally, a recent study based on 78 HD patients revealed that baseline CACs is positively associated with ΔCACs over 1-year intervals (r = 0.45, p < 0.001) and is a significant factor in the prediction of the progression of CACs [31] . The results of our present study are consistent with these studies, and baseline CACs was also confirmed to be an independent determinant of the progression of vascular calcification.
It is noteworthy that there was no association between CAC and some traditional risk factors. Prior studies have reported multiple risk factors to be implicated in the development of CAC, including age, dialysis duration, serum phosphorus, calcium, diabetes and hypertension [12, 32] . However, no consistent and/or constant associations have been established. We adopt severe CAC as the dependent variable for multiple logistic regression analysis, and our population was characterized by good glycemic, 12 blood pressure and mineral control, which may partly explain why there was no significant association between CAC and these risk factors. Nevertheless, the relatively small sample size may be the most probable reason for our results.
There are important limitations to the present study. Our sample size was relatively small, and we cannot draw solid conclusions. To confirm our findings, a larger patient group should be studied. Additionally, although age-and sex-matched controls were included in this study and multivariable logistic regression analysis was used, the confounding factors between groups could not be completely eliminated.
In conclusion, the serum S100A12 levels were significantly associated with the presence of severe CAC, and increments in serum S100A12 levels were an independent determinant of the progression of CACs over 4 years of follow-up. Serum S100A12 levels and increments in serum S100A12 levels might be involved in the presence of severe CAC and the progression of CAC in HD patients.
